The aim of the work was to find an alternative way of cleaning roads and other kinds of solid surfaces contaminated as a result of accidents. The method is designed to dissolve oil leaks coming from motor vehicles, but it is also suitable for removing other liquids with similar physical and chemical characteristics, for example plant and paraffinic oils. The principle of this method is to emulsify the contaminant with the reagent foam. The foam is applied on the contaminated surface and it reacts with the contaminant, given rise to an emulsion. The process is supported by the mechanical movement of brushes, which mix the foam with the contaminant. The movement increases the sorption capacity of the foam and its stability. After the surface decontamination, the residual emulsion is removed, together with the foam, with a combined wet suction cleaner equipped with an emulsion defoamer. The aggregate emulsion is disposed of in special establishments, especially in dangerous waste incinerators.
As follows from the available statistical data (Czech Statistical Bureau 2006) , in 2005 199 262 reported accidents occurred on the roads of the Czech Republic. Nearly a half of all accidents are accompanied by oil leaks. Accidental oil spills are primarily handled by The Fire Brigade of the Czech Republic (HZS). HZS uses loose and textile sorbents when dealing with oil spills. Those sorbents are designed so as to be able to remove maximum amount of oil pollutant from the contaminated surface (Orlíková & Márton 1999) . Despite all that, a layer of oil remains on the surface, significantly decreasing the traffic safety on the contaminated section of the roadway. Environmental contamination with the residual contaminant as a result of rainfall is also a significant threat. The leaking oil substance has a complex negative influence on the surrounding environment. This concerns especially the toxic influence, changes in agronomical characteristics of the soil, as well as the risk of underground water pollution. The scale and intensity of soil, plant, and underground water contamination, or even equipment damage, is dependent on the amount and viscosity of the leaking material, on the permeability of the ground and bedrock retention capacity (Anonymous 1972) .
The leaks of oil substances in the transport also belong to significant sources of contamination. This is due to the equipment disorders, motor vehicle accidents or stationary pipeline transport systems. It is estimated that 10-15% of all road cargo traffic consist of dangerous materials (König 2000) . In 2005, HZS dealt with 6 240 cases of dangerous substances leaks. 4 974 of whom were oil substances leaks, which means nearly 80% (Czech Statistical Bureau 2006). As we infer from the data, the risk arising from the oil substances transport is substantial and so is the necessity of using quality means of decontamination in the case of an accident.
The quality of the decontamination process is important because the transported material has other specific physical characteristics. This is the case especially with oil-like materials with a high viscosity (the degree of inner friction in the liquid) the higher the viscosity, the higher the resistance to the liquid flow (Kudrna et al. 1989) , which makes the decontamination significantly more difficult. Such liquids have only a limited tendency to soak into solid materials, e.g. loose and textile sorbents. This significantly limits the possibility of using traditional sorbents for oil contaminants removing. It is therefore necessary to apply such methods, which can ensure the cleaning of surfaces contaminated even with high viscosity materials.
At present, such sorbents are used by HZS units for removing oil substances. Usually, the products called Eco Dry (produced by Reo Amos) or Absodan DN1 (produced by Happy End) are used. VAPEX was widely used in the past, now it is applied mainly by the volunteer firefighters. Textile sorbents are used on a smaller scale. Both sorbents are permanently placed in firefighters' vehicles. After the decontamination process, the sorbent is collected in plastic bags, transported to local HZS premises, and stored in special containers. The contaminated sorbent is consequently disposed of in the dangerous waste incinerators. The use of the proper decontaminant as well as the speedy intervention are critical for the decontamination quality. The work effectiveness is also important (i.e. the firefighters' professionalism and their erudition) (Bártlová & Pešák 2003) .
Besides the regularly reported cases, there are many unreported cases of oil leaks, especially in garages, industrial premises, or in agricultural companies. Mostly only minor leaks are involved, but massive drains of oil substances also occur. It is necessary to deal with these accidents, not only because of the possible risk of environmental contamination, but also for the user-safety of the area itself.
Following the foregoing studies and practical experience, we studied the possibility of using the foam generated from the reagent water solution as a decontaminant. The aim of the work was to prepare a decontaminant based on a mixture of surfactants and auxiliary substances, which would degrease the polluted surface. By combining the reagent with the oil substance and, at the same time, structuring the forming emulsion into foam, a good quality degreasing is ensured as well as the prevention of any leakage to the environment.
The surfactants are surface-active substances, i.e. chemical compounds primarily adsorbed on the interface of phases (dissolved or dispersed). Many physical and chemical characteristics are thus determined, which is important from the practical point of view (ČSN 68 1140 (ČSN 68 1994 . The surfactants are composed of hydrophile (ability to react with water or to dissolve in it) and hydrophobic (inability to react with water or to dissolve in it) parts. The surfactants have three types of effect: soaking and saturation of the surface, emulsification (soft dispersion of mutually indissolvable liquids), and suspension or diffusion (soft dispersion of solid particles into the liquid). These surface-active substances are the main part of detergents. Detergence is the ability to transport impurities from a solid surface to the solution itself (Lorenz 2003) . The surfactants are divided into two groups according to their ionicity: ionic and inionic. The surfactants used for detergents production are almost always mixtures of many organic and inorganic compounds (Šmidrkal 1999) .
Emulsion is a dispersive system consisting of two parts, one of them being evenly dissolved in the other. The dispersive agent is usually a liquid, but it can be a gas or a mixture of gasses (Stehlík et al. 1968) .
The main advantage of the technology which we suggest is maximum degreasing of the contaminated surface and preventing the contamination coming from spreading. A low agent consumption (thanks to a large volume of air in the foam) belongs to the general advantages of cleaning with foam decontaminants, similarly as the visually distinct difference between the uncontaminated and contaminated surfaces (Lorenz & Kozerich 2003) and the relatively easier work for intervening units. Because foam may be easily removed by a combined suction cleaner after emulsification is finished, practically no residual emulsion remains on the surface. We therefore speak of nearly perfect decontamination. The emulsion is disposed of in qualified establishments -deemulsifying stations or dangerous waste incinerators.
MAteriAl AnD MethoDS hypothesis
In the first part of the project, the processes of surface decontamination and decontamination itself are defined. On a selected model surface, we observed how promptly our model oil substance would soak into the surface pores as well as how firm the structure would be. We also examined the possibility of the oil substance extraction from the surface and the optimal time of decontamination. For objective evaluation, it was necessary to compare the foam decontamination with the contemporary methods using solid sorbents.
We chose such an agent which would ensure quality degreasing of the surface and, at the same time, form a foam with optimal half-life. We presumed that the agent would be a mixture of the compounds selected and would ensure the fulfillment of our criteria. Surfactants and detergents (mixtures of surfactants) with suitable characteristics were used as the main components of the agent.
Materials
The decontamination technology is designed mainly for solving vehicle oil leaks. Mostly automobile petrols are involved here (mixtures of liquid hydrocarbons or oxide compounds with distilling boundary from 30°C to 215°C), serving as motor fuel (Šebor et al. 1995) , diesel oil (liquid mixture of hydrocarbons boiling between 170-360°C), serving as motor fuels (Stehlík et al. 1976) , and greasing oils -liquids that lower friction and divert heat. Pure mineral oils are made of crude oil and are composed of a mixture of, for example, paraffinic or aromatic hydrocarbons (Stehlík et al. 1972) . These substances are generally called oil substances.
Surfactants and their mixtures are tested in laboratories on a model surface. The rheological characteristics chosen are determined with several surfactants or detergents -such as foam multiplicity, half-life, emulsification and decontamination abilities.
According to the test results and emulsification tests, such reagent compounds are chosen that ensure a successful and quality decontamination.
testing surface decontamination
A ceramic tile sized 50 × 50 mm was used for the model surface. The porous, rough, unglazed surface supplemented commonly used materials -concrete tiles, asphalt, and concrete -used for road and parking surfaces.
We applied the model oil substance (new engine oil M6AD, PARAMO) to the model tile surface in the area of 40 × 40 mm and let it soak into the surface for 5 min. We generated foam out of 60 ml of 10% solution of the reagents selected. We applied the volume of 60 ml onto the contaminated surface with a syringe. We placed a mechanical barrier to the sides of the tile to prevent the foam from flowing away, and we decontaminated the surface with a rotating brush (2.5 s -1 ). We allowed 60 seconds for the decontamination process. Consequently, we removed the foam, dried the surface (105°C, 4 h) and determined the difference between the weights of the examined surface before and after decontamination, taking into account the weight of the applied oil. The test should characterize the process of contamination and decontamination. Based on this test, the duration of the cleaning process can be determined and the quality of the decontamination with sorbent and that with surfactant foam can be compared.
testing emulsification of oil substance
There is a minimum difference between the decontamination efficiency using foam or reagent solution. Liquid lamellae surrounding the gas phase (so called "bubbles") are an area with a significantly higher concentration of surfactants (Šilha 1999) . In this sense, the emulsification quality virtually equals the decontamination quality. An intensively emulsified reagent solution will form optimally decontaminating foam.
A glass slate sized 30 × 30 mm was used as the model surface. We applied the contaminant onto one half of the slate (in this case we used the bicycle greasing oil produced by Druchema). The motor oil used in our foregoing test was disengaged from the tile surface, but the thick oil grease remained. The contaminated surface was dipped into a beaker (150 ml) containing 100 ml of the reagent which was shaken in IKA shaking apparatus at 120 movements per min in the following periods of time. First, 10% concentration was used as recommended by all the producers. The reagents with the best emulsifying characteristics were further tested at 5% concentration. For the solutions of 10% concentration, 10-min shaking period was determined, for those of 5% concentration, 20-min period was applied. After the respective period, the tile was removed from the solution and dried in a drying room at 80°C temperature for a period of 30 min. The degree of decontamination could be determined from the difference between the weights of the contaminant before and after decontamination.
rheological characteristics of surfactants (detergents) -evaluation
Foam multiplicity is defined as the ratio of the foam volume to its weight. From that data, the amount of reagent necessary for the required foam formation is determined. Foam formed from 10% solution of a chosen surfactant or detergent is put in a container with a precisely defined volume and weighed.
Foam half-life may be characterised as the time in which one half of the original foam volume is redissolved into the reagent solution. A rheological funnel with a defined volume is filled with foam and weighed. The foam dissolution interval is measured and the volume of the resulting solution is evaluated. By comparing the weight of the original foam in the funnel with the amount of the solution, the half-life is determined.
Practical verification of model tests
After choosing suitable elements in the testing environment, we verified our knowledge in real environment, on real surfaces. A concrete tile and road asphalt were used as practical testing surfaces. 150 mm thick glass bars were placed around the testing area to prevent the contaminant and foam from flowing away. Five ml of the contaminant (M6AD) were applied and spread to the inner sides of the glass bars. The time of exposition was 10 min. We then cleaned the surface with foam generated from 60 ml of the reagent selected. The duration of the decontamination process was 90 s. After the test, the emulsion and the foam were removed with a suction cleaner after which the presence of a yellow film was observed on the surface. This film is typical for imperfectly cleaned surfaces. With the help of glass bars, even the possibility of cleaning thicker layers of oil was examined (10, 20, and 30 mm).
The practical decontamination test took place in HZS premises of South Moravian and Královéhra-decký regions. The tests were aimed at verifying the laboratory results. Our top priority was the quality of decontamination of the mostly used communications and surfaces. The terms for all tests were chosen so as to include all seasons -spring, summer, autumn, winter. Special attention was paid to the winter testing because the colder are the surface and the surrounding air, the higher is the viscosity of the oil substance and the more difficult the decontamination.
The testing procedure was as follows: the contaminant was applied and spread onto a marked concrete or asphalt surface sized 2 × 1 m. Usually, new engine oil was used. During the process, 7 chosen model contaminants were tested. The reagent foam was applied in 30 mm thickness on the contaminant with a foam generator PZ 9 (produced by EST+, Ltd., Ledeč nad Sázavou). The exposition time was 180 s. Emulsification was intensified with brushes used to mix the foam with the oil substance. The resulting foam was removed by WAP suction cleaner designed for wet suction cleaning. The presence or absence of residual contaminant was determined by a mere touch or detection papers designed for the identification of oil substances. After cleaning the surface with ordinary loose and textile sorbents, approximately 23-32% of oil remained on the surface after 5 min of the cleaning process. In the case of cleaning with foam the amount of the residual oil was higher (32-36%). This percentage remained the same even after extending the soaking period: 70 min (84-92% of residual oil on the surface when using sorbents as opposed to 95-99% of residual oil after using reagent foam).
From the obtained data presented in Table 2 it follows that a repeated decontamination process has no influence on its quality. Increasing the amount of foam used for decontamination has no influence either (Table 3) .
On the contrary, it was shown that the size of the decontaminated spot, model surface, and test conditions (static or dynamic -with the mechanical application of the brush) played a significant role.
Based on this experience, the following parametres were defined as relevant for the effectiveness and quality of decontamination: -Type of surface -suction or impermeable -Area of the blot -Type of reagent -Intensification of the emulsifying process -mechanical application of a brush Laboratory testings confirmed that different degrees of quality can be reached in respect to decontamination when using detergents or surfactants.
results analysis
The model surface decontamination proved a significant influence of the surface type on its quality. When the oil substance transforms into emulsion, its physical and chemical characteristics change, and its mobility dramatically increases (as a result of the decrease of viscosity of the original oil substance). If the surface is porous, the contaminant soaks into it. The more mobile is the contaminant, the faster it permeates the object. Therefore, the contaminant cannot be removed from the object by ordinary decontamination techniques. These conclusions have been confirmed by the results acquired during the decontamination process by sorbents and foam as well as by those acquired during repeated decontamination of the model surface.
The area of the contaminated surface was significant for the quality of decontamination. Because the decontamination technologies work mainly with the mobile part of the contaminant, it is important for the contaminant to cover the smallest area possible. Thus, the soaking of the pollutant into the surface will be slowed down and a major part of the pollutant will be in its mobile phase, which is easily accessible for decontamination.
A positive influence of the mechanical intensification by brushes was proved. The mechanical brush movement helps to remove the emulsified parts of the oil substance into the foam and, at the same time, it facilitates the inflow of the reagent to lower layers of the contaminant. The aspect of the mechanical intensification was even more significant when a foamer was applied (52% of residual oil on the surface in the static foam application compared to 34% of residual oil with the brush application) than in the case of emulsification (36:34% of residual oil on model surface) ( Figure 5) .
The emulsification test of a model contaminant on a glass cutout helped us to choose the optimal effective compound of the decontaminant reagent.
On the basis of the results obtained and tests, carried out, an agent DEKOROL was made by our cooperative company MPD + Rakovnik. The efficiency of this agent was proven during practical tests. Its decontamination capability was tested on real surface -a concrete tile. The decontamination surface did not contain any visual traces of yellow film -residual emulsion of engine oil or reagent.
We compared the decontamination with loose and textile sorbents and reagent foam on rough and smooth surfaces of concrete tiles. The surface was first contaminated with 10 ml of new engine oil and then decontaminated. The decontamination quality was visually similar in all cases. When we used loose sorbents on both types of surfaces, its residue was perceptible. The foam decontamination was fast, especially with the smooth surface. Foam stability of the reagent 10% solution was good, no disintegration occurred during decontamination. The concrete tile was rough, but not porous. The advantage of using foam as opposed to loose sorbents was very visible here. The sorbent grains either did not advance down the pores or got stuck in them, so after the decontamination its residues were visible on the surface. On the other hand, active reagent components emulsified the pollutant even in the surface pores and, consequently, all emulsion was sucked away together with the foam residues. Due to that, the surface was visually cleaner without any detectable traces of the oil substance or decontamination material.
After verifying the effectiveness of the method on real surfaces, a series of practical tests were conduced. The aim was to test and verify the possibility of using this new decontamination technology in different climatic conditions. For these purposes we chose concrete and asphalt surfaces in HZS premises in Královéhradecký Region and South Moravian Region. Altogether, four terrain practices The following contaminants were tested regarding their ability and quality of their removal from the surface.
Oil substances used: -new engine oil M6AD -used engine oil -Natural 96 petrol -diesel oil -organically produced oil -kerosene -rape-seed oil -paraffinic oil
The degree of the surface decontamination was evaluated during the tests after removing the emulsion. The surface was not greasy after decontaminating all the above mentioned oils. No residual reagents were visible in the surface pores and the surface itself was dry. When we compared the use of dry or wet surfaces, the decontamination of the wet surface was faster. This is due to the hydrophobic character of the oil substance and its lower density as compared to water. The oil substance did not soak into the pores because they were filled with water, and was therefore more easily decontaminated. When the surface was dry and the decontaminants viscous, it was useful to repeat the cleaning process.
The machine equipment is also important when removing emulsions from the surface. There is a large offer of suction cleaners on the market. When a good suction cleaner is used, the cleaned surface can be virtually dry after the process. To prevent the residual reagents from foaming in the suction cleaner, a solution of silicon defoamer (Lukosan P -Lučební závody, Ltd., Kolín) was added into the machine.
ConCluSion
We were successful in proposing and verifying a new method of decontaminating solid surfaces, such as asphalt and concrete, from oil substances. In the years 2006-2007 we invented a reagent whose decontamination capabilities were verified in practical conditions.
The principle of the proposed method is to emulsify the contaminant with a reagent and to fix subsequently the emulsion into foam. The foam is then removed from the surface with a suction cleaner, and the emulsion can be disposed of in accordance with the valid ordinances as waste -oiled waters. In the process of practical tests and presentations, the effectivity of the reagent and the working process of decontamination was proved.
When a solid surface is contaminated with an oil substance, first the mobile part of the pollutant can be removed. This part can be easily confined into sorbents and emulsified with the reagent foam. On the contrary, the contaminant which is already sorbed in the surface cannot be removed with sorbents. In the case of using our method, even the contaminant contained in the surface pores can be removed. This is due to the foam ability to penetrate into the pores and to its emulsifying effect. Therefore, it is possible to reach a visually better quality of cleaning. These results ensure a safer and more fluent traffic flow on the decontaminated surface of a roadway.
The visual effect is important especially in the areas of pedestrian zones and more frequented road sections, where even the aesthetical point of view of decontamination plays a role.
The agent DEKOROL was developed on the basis of the results obtained. This agent makes possible an efficient decontamination of oil contaminated surfaces. 
